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[10191/4466] 

METHOD AND DEVICE FOR IMPROVING VISIBILITY IN A VEHICLE 
Background of the Invention 

The present invention relates to a method and a device for improving visibility in a 
motor vehicle, as well as to its application in a night vision system for a motor 
vehicle. 

5 

In the German laid open print DE 40 32 927 A1 , a device is described for improving 
visibility conditions in a motor vehicle. Here, the image acquired by an infrared- 
sensitive camera is visually superposed with a display device, formed as a head-up 
display, as a virtual image of the exterior landscape, and is displayed to the driver. In 
10 addition, at least one source of radiation having an infrared portion is provided for the 
irradiation of the area perceived visually by the driver in the direction of travel. 

Such night vision systems (night view, or NV systems), as described in DE 40 32 
927 A1, based on light having wavelengths in the near-infrared (NIR) wavelength 

15 range, illuminate the area in front of a motor vehicle using infrared headlamps (near- 
infrared headlamps, or NIR headlamps), in general having a high-beam 
characteristic. Under certain conditions, the NIR radiation, which is invisible for 
human beings and most animals, can harm the eyes of humans and animals situated 
within the range of action of such an NIR headlamp. In order to avoid such damage, 

20 it is conceivable to calculate minimum distances for particular radiation strengths 
between NIR headlamps and the eye that must not be undershot, and that can for 
example be ensured through constructive measures. 

Besides constructive measures, from the German laid open print DE 101 26 492 A1 
25 an alternative method is known to ensure damage to traffic participants by NIR light. 
A method is proposed in which laser light having a wavelength outside the visible 
spectrum is radiated only if the motor vehicle is in motion. Furthermore, it is known to 
activate NIR in headlamps beginning only at a certain minimum speed, for example 
30 km/h. A disadvantage of this method is that the night vision function of a night 
30 vision system is not available when the motor vehicle is at a standstill and/or is 

traveling slowly, although here as well situations can occur in which the night vision 
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function would be useful. For example, a night vision function would be useful when 
traveling slowly on off-road paths or on nanrow side streets. Furthermore, frequent 
switching on and off of the NIR headlamps has an adverse effect on their life span. 
In particular in a stop-and-go situation, and/or traffic situations in the vicinity of the 
5 minimum speed, a high degree of strain is placed on the NIR headlamps. This can 
have the result that the user acceptance of such a night vision system is reduced 
due to this limited availability. 

In the above-cited German laid open prints DE 40 32 927 A1 and DE 101 26 492 A1 , 
10 no indications are found of a damage-free method for improving visibility in a motor 
vehicle that simultaneously operates with a high degree of availability. 

Advantages of the Present Invention 

The method described in the following for improving visibility in a motor vehicle 
1 5 having the features of the independent patent claim has the advantage that it 

provides a damage-free method, which simultaneously operates with a high degree 
of availability, for improving the visibility in a motor vehicle. Particularly 
advantageously, the method contributes to the reduction of damage, in particular 
damage to the eyes, of living beings, for example human beings such as pedestrians 
20 and/or bicyclists and/or drivers of motor vehicles, and/or animals, in the area of 

illumination of the light source by the invisible radiation outside the visible spectrum. 

It is particularly advantageous to use the method described below in night vision 
systems in motor vehicles in which a video sensor that is sensitive at least in the 

25 near-infrared spectral region records the surrounding environment of the motor 

vehicle and displays this information to the driver. In contrast to the known methods, 
a minimum speed for the activation of the headlamp, and thus of the night vision 
system, is no longer required. Through the method described in the following, a night 
vision system can advantageously always be activated whenever a damage-free 

30 area is detected, i.e., a situation in which no living beings, in particular persons, are 
located in the damaging area. Particularly advantageously, the method described 
below contributes to a long life span of the light sources used, in particular the 
headlamps providing illumination at least in the near-infrared wavelength range (NIR 
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headlamps), so that a high degree of availability of the light sources, and in particular 
of the night vision system, is provided, 

A further advantage of the method described below is that a high degree of freedom 
5 is achieved in the design of a light source that radiates light having wavelengths 
outside the visible spectrum, in particular the design of an NIR headlamp. For 
example, the degrees of freedom in the design of the light source with respect to 
radiated power and/or used spectral region and/or illumination characteristic are 
high. This contributes in a particularly advantageous manner to a high degree of 
10 performance of the light source, in particular of the NIR headlamp, and thus of the 
night vision system, at a low cost. 

It is particularly advantageous to use an infrared-sensitive sensor that recognizes the 
entering and/or the presence of a person in its detection area. Pyroelectric infrared 
15 sensors have proven suitable for this purpose. 

It is particularly advantageous that, in addition to the infrared sensor, at least one 
ultrasound sensor and/or at least one radar sensor, which preferably operates in the 
wavelength range 24GHz and/or 77GHz, and/or at least one LIDAR sensor and/or at 
20 least one video sensor (video camera, camera) produces sensor signals, because 
the use of these sensors, already in use in the motor vehicle for other functions, 
results in low additional costs, since no additional components (hardware) are 
required. 

25 The deactivation and/or activation of the light source dependent on the signal of an 
infrared sensor is advantageous, because this provides a simple and economical 
possibility for controlling the light source. In addition, the signal of at least one object 
recognition sensor for the deactivation/activation is advantageously added, a 
controlling of the light source being carried out when an object is recognized and 

30 infrared radiation is detected. 



The controlling of the spatial and/or temporal intensity of the light of the light source 
dependent on the at least one sensor signal has the advantage that damage to 
present objects is reduced in a targeted manner, in that the spatial and/or temporal 
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irradiation of the present objects, at least with light having wavelengths outside the 
visible spectrum of the light source, assumes a non-dangerous value, e.g. a value 
less than a predeterminable first boundary value. At the same time, the functionality 
of a night vision system equipped in this way is not limited in the other areas of 
5 acquisition. This contributes to a high degree of availability. For the realization, the 
signals of other distance-measuring sensors are used, with the aid of which it is 
possible to obtain both spatial information and also information concerning the 
temporal irradiation of the person. 

10 The above-described advantages of the method correspondingly also hold for a 

device for improving visibility in a motor vehicle, as well as for the application of the 
device in a night vision system in a motor vehicle. 

Additional advantages result from the following description of exemplary 
1 5 embodiments with reference to the Figures, and from the dependent patent claims. 

Drawing 

In the following, the present invention is explained in more detail on the basis of the 
specific embodiments shown in the drawing. Figure 1 shows a block diagram of the 
20 preferred exemplary embodiment, while Figure 2 shows the action of the system 
described in Figure 1 . on the basis of an exemplary laser beam. 

Description of Exemplary Embodiments 

In the following, a method and a device for improving visibility in a motor vehicle are 
25 described, in which a light source of the motor vehicle illuminates a particular area of 
illumination. At least one infrared sensor of the motor vehicle monitors the 
surrounding environment of the motor vehicle for the presence of persons or other 
living beings that give off heat (subsumed under "persons" in the following). The light 
source is here controlled dependent on the signals from the infrared sensor, being in 
30 particular activated or deactivated or controlled in such a way that the spatial and/or 
temporal irradiation of the detected present person, at least with light having 
wavelengths outside the visible spectrum, for example near-infrared light, lies in a 
range that is not dangerous to the person, being for example less than a 
predeterminable boundary value. 
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In the preferred exemplary embodiment, the space in front of two NIR headlamps of 
a night vision system of a motor vehicle are monitored by two infrared sensors that 
are allocated to the headlamps, and that are preferably built Into the respective 
5 headlamp. In this way, persons situated in front of the NIR headlamps are detected, 
and the NIR headlamps are deactivated. Alternatively to the deactivation of the two 
NIR headlamps, it Is also possible for only one headlamp to be deactivated, so that 
the night vision function of the night vision system remains available, at least to a 
limited extent. 

10 

In a variant of the preferred exemplary embodiment, alternatively to the deactivation 
of at least one NIR headlamp the power of the two NIR headlamps, or at least of one 
NIR headlamp, is reduced, so that there is no longer a risk of damaging a detected 
person. Furthermore, a modification of the beam characteristic is alternatively or 

1 5 additionally carried out, for example through mechanical screening and/or optical 
elements. In a further variant of the preferred exemplary embodiment, the 
adjustment of the light source is carried out dependent on the critical time of action. 
The critical time of action is the time beyond which damage to the human eye is 
probable. This makes it possible that, dependent on the time of action, an 

20 adjustment of the light sources need not take place immediately, but rather can take 
place Just before the critical time of action is reached. For the solutions, in addition to 
the signal of the infrared sensor, signals of at least one additional sensor that 
resolves distance and location (radio, video cameras, etc.) are used, on the basis of 
which an item of spatial information (where is the person located?) and an item of 

25 temporal information (radiation intensity over time at the corresponding distance) are 
obtained. 

Examples of such additional sensors, used alongside the at least one infrared 
sensor, that are already present in the motor vehicle or whose use is at least known 
30 in the motor vehicle include for example park pilot sensors (PP sensors) based on 
ultrasound (ultrasound sensors), long-range radar sensors operating at 77GHz, as 
are used for ACC (Adaptive Cruise Control), short-range radar sensors operating at 
24GHz, or LIDAR sensors. Alternatively, or in addition, a video sensor is used, in 
particular the already-installed video sensor of the night vision system. As mentioned 
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above, these sensors are used in addition to the object recognition and/or distance 
measurement to the person recognized by the infrared sensor, in order to carry out 
the adjustment of the light source in a still more precise fashion. 

5 Figure 1 shows a block diagram of a device for improving visibility in motor vehicles. 
Here, as a light source a laser 10 is provided that radiates a laser beam 1 1 in the 
near-infrared range via an optical apparatus, e.g. at least one lens 12. On the basis 
of the infrared light reflected from the environment, a video camera can be used to 
present to the driver an improved image of the scene in front of the vehicle. Laser 10 

10 is supplied with power from an energy source via an amplifier 14 and a switching 
element 16. In addition, an infrared sensor 20 is provided that is sensitive to infrared 
radiation, for example in the range from 4 to 6 //m or 8 to 1 2 jjm. Here, the infrared 
radiation is coupled in via an additional optical apparatus, e.g. at least one lens 22, 
preferably a Fresnel lens. In the preferred exemplary embodiment, infrared sensor 

15 20 is an infrared sensor that operates according to the pyroelectric principle. The 
signal emitted by the infrared sensor is supplied via an amplifier 24 to a comparator 
26, in which the signal of the infrared sensor is compared with a reference signal 
from reference signal source 28. If the signal of the infrared sensor exceeds the 
reference value, it is to be assumed that a person is situated in the detection area of 

20 the infrared sensor. Comparator 26 emits a corresponding signal, which actuates 
switching element 16 so as to switch off laser 10. Laser 10 is here a part of the 
headlamp of the vehicle, and, depending on the embodiment, operates in pulsed 
fashion or in continuous-wave fashion. In the preferred specific embodiment, laser 
10 is one or more laser diodes. 

25 

Instead of the pyroelectric infrared sensor, infrared sensors for heat radiation are 
also used that operate according to a different principle, e.g. semiconductor 
detectors, bolometers, thermopiles, etc. 

30 Figure 2 shows the action of the above-described measure. The infrared sensor (or 
the optical apparatus connected thereto) is here situated and dimensioned such that 
it monitors a predetermined area 50 that includes the complete diameter of laser 
beam 52. This monitoring area is defined by the detection range R of the sensor and 
by the angle Q1 . The dimensioning of the sensor, or of the optical apparatus 
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connected in front of it, is here such that the range of the laser beann that can be 
dangerous to persons, In particular to the eyes, lies within the monitoring area. The 
area of danger is given here by the angle Q2, which is determined by the opening 
angle of the laser beam, and by the distance NOHD (Nominal Ocular Hazard 
5 Distance), which is defined according to the strength and wavelength of the laser, 
within which there is a risk of damage when radiation beyond a particular degree 
takes place. 

An advantage of the use of an infrared sensor that reacts to body heat is that the 
10 entry of other objects into the laser beam is ignored. However, many such infrared 
sensors react only to changes in the signal. For this reason, a lens system must be 
fixed in front of the infrared sensor such that when there is a change of position of a 
person a modulation of the signal received by the sensor takes place. In order for the 
infrared sensor also to recognize persons who are not moving, it is advantageous for 
1 5 the sensor to scan the environment. This takes place for example through a movable 
lens system that cyclically changes the area of acquisition of the sensor. 
Furthermore, in order to avoid false alarms or in order to improve the reliability of the 
infrared sensor, additional sensors are provided, for example radar sensors, 
cameras, etc., that recognize objects independently of the infrared sensor. Through 
20 the combination of the signals of the infrared sensor and at least one of the 

additional sensors, the entry or presence of a person in the danger area of the laser 
beam is recognized still more reliably, and is reacted to in an appropriate manner. 

The described method and/or device for improving visibility in a motor vehicle 
25 operates in such a way that NIR headlamps and/or light sources that emit light 

having wavelengths outside the visible spectrum are automatically switched off when 
persons enter into the area of damage, and/or remain in this area for a longer period 
of time. 

30 The described method and/or device are not limited to use in a night vision system 
using NIR headlamps. Rather, in addition to night vision functions the method and/or 
the device can also be used for other automotive functions that operate with light 
having wavelengths outside the visible spectrum, for example communication 
between two motor vehicles based on infrared light. 
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In a further variant, the described method and/or device are applied in the rear area 
of the motor vehicle, for example with the use of an infrared-based camera for travel 
in reverse. 

5 

In a further variant of the preferred exemplary embodiment, alternatively or in 
addition the at least one present object is warned by an acoustic and/or optical 
warning signal. In this variant, it is possible to warn humans in advance. Thus, an 
object detected at close vicinity can be warned acoustically, for example by a horn, 

10 or by optical signals using visible light, for example by a light alarm and/or a blinking 
warning light. If the object still remains in the area of damage after a certain latency 
period that is less than the critical time of action, the relevant light source, in 
particular the NIR headlamp of the night vision system, is then deactivated. The light 
source, in particular the NIR headlamp, is reactivated when the object leaves the 

15 area of damage and/or the first boundary value is again undershot. Here, the 

distance and position of the person, acquired through other sensors, can be used to 
calculate the intensity of irradiation. 



